f 



Docket No. 4041K-000196 

ND-P019 



- 1 - 

VEHICLE AIR CONDITIONER 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to an air 
conditioner for a vehicle. 

2. Description of the Related Art 

An air conditioner for a vehicle has 
10 characteristics in which a ventilation resistance in an 

air conditioning casing connected to a fan (air blowing 
unit) varies in accordance with operation states such as 
a blowing mode and an air conditioning preset 
temperature . 

15 Concretely, in a comparison between face mode 

in which air is mainly blown to the upper body of a 
passenger and foot mode in which air is mainly blown to 
the lower body of a passenger, the ventilation resistance 
of the face mode is usually smaller than that of the foot 

2 0 mode . 

In an automatically controlled air conditioner 
for a vehicle, the blowing mode is determined based on 
the air conditioning preset temperature or the like. 
Therefore, the blowing mode varies as the air 

25 conditioning preset temperature varies and, then, the 

ventilation resistance varies. 

As shown in Fig. 4, the fan is actuated at an 
intersection between a graph showing air blowing property 
of a fan and a graph showing a ventilation resistance, 

30 and the noise of the fan is minimized at a point of 
actuation at which the maximum efficiency can be 
obtained. 

The maximum air volume is needed in a rapid 
cooling operation, in which an air conditioning load is 
35 maximized, in summer. Therefore, in a usual air 

conditioner for a vehicle, the air blowing property of 
the fan is optimized in accordance with a ventilation 
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resistance in face mode which is heavily used for cooling 
in summer and, thus, the noise and energy consumption of 
the fan can be reduced. 

Therefore, in foot mode whose ventilation 
5 resistance is largely different from that of face mode, 
the fan has to be operated at a point of actuation 
deviated from the point of actuation in which the maximum 
efficiency can be obtained and, thus, the noise is 
increased and air blowing efficiency is reduced. 

10 In a heating operation, the blowing mode is 

usually switched to foot mode, and a heated air is blown 
to a vehicle compartment. However, when a heating load 
is large in winter, air having a low temperature has to 
be drawn and heated and, thus, it is difficult to 

15 increase the temperature of the air, blown to a vehicle 
compartment, to a predetermined temperature in a short 
time . 

SUMMARY OF THE INVENTION 

In view of the above drawbacks, the object of the 

20 present invention is, first, to provide a new vehicle air 
conditioner different from a conventional one and, 
second, to increase, in a short time, the temperature of 
air blown to a vehicle compartment to a temperature 
sufficient to heat the compartment, while reducing the 

25 noise, even in, for example, foot mode having a large 

ventilation resistance in, for example, a vehicle air 
conditioner provided with a fan optimized for the face 
mode having a small ventilation resistance. 

In order to accomplish the above object, according 

30 to a first aspect of the present invention, there is 

provided an air conditioner for a vehicle, comprising a 
fan (3); an air conditioning casing (2) that is provided 
at the downstream side of the fan (3) in an air flow 
direction and that defines an air passage through which 

35 air is blown from the fan (3) to a vehicle compartment; 

heating means (5) that is housed in the air conditioning 
casing (2) and that heats the air supplied to a vehicle 
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compartment; and a flexible diaphragm member (3d) to/from 
which a fluid is charged/discharged to vary the sectional 
area of the air passage (3b) , said flexible diaphragm 
member being disposed in the air passage (3b) in the fan 
5 (3), wherein the fluid is charged or discharged in 

accordance with a ventilation resistance in the air 
conditioning casing (2). 

Thus, because the property of the fan (3) can be 
changed in accordance with a ventilation resistance, it 

10 is possible to improve an air blowing efficiency while 

reducing the noise even in a blowing mode having a large 
ventilation resistance, in the fan (3) optimized in a 
blowing mode having a small ventilation resistance. 
According to a second aspect of the present 

15 invention, there is provided an air conditioner for a 

vehicle, comprising a fan (3); an air conditioning casing 

(2) that is provided at the downstream side of the fan 

(3) in an air flow direction and that defines an air 
passage through which air is blown from the fan (3) to 

20 the a vehicle compartment; heating means (5) that is 

housed in the air conditioning casing (2) and that heats 
the air blown to a vehicle compartment; and a flexible 
diaphragm member (3d) to/from which a fluid is 
charged/discharged to vary the sectional area of the air 

25 passage (3b), said flexible diaphragm member being 

disposed in the air passage (3b) in the fan (3), wherein 
a heated medium is charged to the flexible diaphragm 
member (3d) in maximum heating. 

Thus, the property of the fan (3) is changed into a 

30 property suitable for a high pressure loss. Therefore, 

it is possible to improve the blowing efficiency while 
reducing the noise even in maximum heating, in the fan 
(3) optimized in a blowing mode having a small 
ventilation resistance . 

35 Because a heated fluid is charged to a flexible 

diaphragm member (3d) which is in contact with a blown 
air, the blown air can be heated by the fluid in the 



flexible diaphragm member (3d) and heating means (5) and, 
thus, the temperature of air blown to a vehicle 
compartment can be increased to a temperature sufficient 
to heat the compartment, in a short time, 
5 As described above, in the present invention, not 

only in a face mode having a small ventilation resistance 
and in maximum cooling (rapid cooling), but also in a 
foot mode having a large ventilation resistance, and in 
maximum heating, an air blowing efficiency can be 
10 improved while reducing the noise, and the temperature of 
air blown to a vehicle compartment can be increased to a 
temperature sufficient to heat the compartment, in a 
short time. 

Thus, the property of the fan (3) is changed into a 

15 property suitable for a high pressure loss. Therefore, 
it is possible to improve the air blowing efficiency 
while reducing the noise even in maximum heating, in the 
fan (3) optimized in a blowing mode having a small 
ventilation resistance . 

20 Because a heated fluid is charged to a flexible 

diaphragm member (3d) which is in contact with a blown 
air, the blown air can be heated by the fluid in the 
flexible diaphragm member (3d) and heating means (5) and, 
thus, the temperature of air blown to a vehicle 

25 compartment can be increased to a temperature sufficient 
to heat the compartment, in a short time. 

As described above, in the present invention, not 
only in a face mode having a small ventilation resistance 
and in maximum cooling (rapid cooling), but also in a 

30 foot mode having a large ventilation resistance and in 
maximum heating, an air blowing efficiency can be 
improved while reducing the noise, and the temperature of 
air blown to a vehicle compartment can be increased to a 
temperature sufficient to heat the compartment, in a 

35 short time. 

According to a third aspect of the present 
invention, there is provided an air conditioner for a 
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vehicle, wherein the heated medium is engine cooling 
water . 

According to a fourth aspect of the present 
invention, there is provided an air conditioner for a 
5 vehicle, comprising a fan (3); an air conditioning casing 

(2) that is provided at the downstream side of the fan 

(3) in an air flow direction and that defines an air 
passage through which air is blown from the fan (3) to a 
vehicle compartment; heating means (5) that is housed in 

10 the air conditioning casing (2) and that heats the air 
supplied to a vehicle compartment; and a flexible 
diaphragm member (3d) to/from which a fluid is 
charged/discharged to vary the sectional area of the air 
passage (3b), said flexible diaphragm member being 

15 disposed in the air passage (3b) in the fan (3), wherein 

a heated medium is charged to the flexible diaphragm 
member (3d) in foot mode in which air is supplied toward 
the lower side of a vehicle compartment. 

According to a fifth aspect of the present 

20 invention, there is provided an air conditioner for a 

vehicle, wherein the heated medium is engine cooling 
water . 

According to a sixth aspect of the present 
invention, there is provided an air conditioner for a 

25 vehicle, wherein a number of recessed and projected 
portions are provided in the portion of the flexible 
diaphragm member (3d), which is exposed to air passing 
through the air passage (3b), 

Thus, a contact area and a thermal conductivity 

30 between the flexible diaphragm member (3d) and the air 

can be increased, and a heat exchange effectiveness can 
be improved . 

According to a seventh aspect of the present 
invention, there is provided an air conditioner for a 

35 vehicle, wherein the flexible diaphragm member (3d) is 
divided into a plurality of layered spaces, and the 
spaces to/from which a fluid is charged/discharged are 
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switched in accordance with a ventilation resistance in 
the air conditioning casing (2). 

According to an eighth aspect of the present 
invention, there is provided an air conditioner for a 
5 vehicle, wherein the fan (3) comprises a centrifugal fan 
(3a) that has a number of vanes, around a rotating shaft 
thereof, to supply, in radial directions, air drawn along 
an axial direction of the rotating shaft; and a scroll 
casing (3c) that houses the centrifugal fan (3a) and 
10 defines a spiral air passage (3b) through which air blown 
from the centrifugal fan (3a) passes, and the flexible 
diaphragm member is disposed at at least an inner wall of 
an outer periphery of the scroll casing (3c). 

Incidentally, the reference numerals in parentheses, 
15 to denote the above means, are intended to show the 
relationship to the specific means which will be 
described later in an embodiment of the invention. 

The present invention may be more fully understood 
from the description of preferred embodiments of the 
2 0 invention set forth below, together with the accompanying 

drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a schematic view of an embodiment of an 
25 air conditioner according to the present invention; 

Fig. 2 is a schematic view of an embodiment of a 
control system of an air conditioner according to the 
present invention ; 

Figs. 3A and 3B are sectional views taken along the 
30 line A-A in Fig. 1; and 

Fig. 4 is a graph showing a relation between air 
volume, noise and pressure. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A first embodiment of the present invention will be 
35 described below. Fig. 1 is a schematic view (conceptual 
view) of a ventilation system of a vehicle air 
conditioner 1 according to the present embodiment. An 



inside air suction port (not shown) for drawing air from 
inside a vehicle and an outside air suction port (not 
shown) for drawing outside air, along with a suction port 
switching door for adjusting the amount of air introduced 
5 from these suction ports, are formed at the upstream 

side, in an air flow direction, in an air conditioning 
casing 2 which defines an air passage of air that flows 
into a vehicle compartment. 

The suction port switching door is opened and closed 

10 by driving means such as a servomotor or the like, or by 

a manual operation. 

A filter (not shown) for removing dust in the air 
and a fan (air blowing unit) 3 are disposed at the 
downstream side in an air flow direction, with respect to 

15 the suction port switching door. The air drawn from the 
both suction ports is sent toward each air outlet that 
will be described below. The fan (air blowing unit) will 
be described in detail below. 

The air blowing side of the fan 3 is connected to, 

20 or is identical with, the air conditioning casing 2. An 

evaporator 4 as a cooler for cooling the air blown to a 
vehicle compartment is disposed at the upstream side in 
an air flow direction in the air conditioning casing 2, 
and the whole air sent by the fan 3 passes through the 

2 5 evaporator 4. 

In the present embodiment, an evaporator of a vapor 
compression type refrigerator which carries out 
refrigeration by evaporating a coolant is adopted as a 
cooler. However, the present invention is not limited to 

30 this, and another cooler may be adopted. 

A heater 5 for heating the air blown to the vehicle 
compartment is disposed at the downstream side in an air 
flow direction, with respect to the evaporator 4. The 
heater 5 according to the present embodiment, heats the 

35 air by using, as a source of heat, waste heat generated 

in a vehicle, such as cooling water for an engine for 
driving a vehicle. 
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In the present embodiment , the whole amount of air 
passing through the evaporator 4 passes through the 
heater 5, and a reheat system, in which the temperature 
of air blown to the vehicle compartment is adjusted by 
5 adjusting the amount of engine cooling water that 

circulates in the heater 5, is adopted. 

A face air outlet 6 for blowing conditioned air to 
the upper body of a passenger in a vehicle, a foot air 
outlet 7 for blowing air to the lower body of a passenger 

10 in a vehicle and a defroster air outlet 8 for blowing air 
toward an inner surface of a window glass such as a front 
glass or the like, are formed at the most downstream part 
of the air conditioning casing 2. 

Blowing mode switching doors 6a , 7a and 8a for 

15 switching and controlling the blowing mode are disposed 

at the upstream side in an air flow direction with 
respect to the above-described air outlets 6 to 8. The 
blowing mode switching doors 6a, 7a and 8a are opened and 
closed by driving means such as a servo motor or by 

2 0 manual operation. 

In blowing modes, there are a face mode in which air 
is mainly blown from the face air outlet 6, a foot mode 
in which air is mainly blown from the foot air outlet 7, 
a bi-level mode in which air is blown from the face air 

25 outlet and the foot air outlet, and a defroster mode in 

which air is mainly blown from the defroster air outlet 
8, etc. 

In general, in a vehicle air conditioner, the area 
of an opening of the face air outlet 6 is larger than 
30 those of other air outlets. Accordingly, the resistance 
of ventilation (pressure loss) in the face mode in which 
air is blown from the face air outlet 6 is smaller than 
those of other blowing modes (foot mode and defroster 
mode ) . 

35 As shown in Fig. 2, in an electronic control unit 

(ECU) 9, detection signals from air conditioning sensors 
9a such as an inside air sensor for detecting the 
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temperature of air inside a vehicle, an outside air 
sensor for detecting the temperature of outside air, an 
after-evaporation sensor for detecting the temperature of 
air immediately after passing through the evaporator 4 
5 and a solar radiation sensor for detecting the amount of 

solar radiation received inside a vehicle, and a desired 
compartment temperature that is determined and input by a 
passenger, i.e., an output of an operation panel 9b, are 
input . 

10 The ECU 9 calculates a target temperature of air 

blown to the vehicle compartment, i.e., a target air 
temperature TAO in accordance with a program stored in 
advance and based on signals input to the ECU 9 and, then 
controls the suction port switching door, a flow rate 

15 control valve for adjusting the amount of the engine 

cooling water that circulates in the heater 5, blowing 
mode switching doors 6a, 7a and 8a, and the fan 3, based 
on the target air temperature TAO. 

The fan 3 will be described below. 

20 As shown in Fig. 1, the fan 3 according to the 

present embodiment is composed of a centrifugal fan 3a 
(see JIS B 0132 No. 1004) that has a number of vanes 
around a rotating shaft thereof to blow, in radial 
directions, air drawn along an axial direction of the 

25 rotating shaft; a scroll casing 3c that houses the 

centrifugal fan 3a and defines a spiral air passage 3b 
through which air blown from the centrifugal fan 3a; and 
a motor that rotates the centrifugal fan 3a. 

The scroll casing 3c is formed so that the sectional 

30 area of the air passage 3b is gradually enlarged from a 

beginning of scroll to an end of scroll, in order to 
efficiently collect air blown from the centrifugal fan 3a 
and send the same to a downstream side. In the present 
embodiment, the radius of an inner wall of an outer 

35 periphery of the scroll casing 3c is gradually increased 

as represented by a logarithmic spiral function, with 
respect to a scroll angle measured at the beginning of 
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scroll • 

A flexible diaphragm member 3d, to/from which fluid 
is charged/discharged to vary the sectional area of the 
air passage 3b, is provided in the air passage 3b, In 
5 the present embodiment, the engine cooling water supplied 

from the heater 5 is charged to the flexible diaphragm 
member 3d to expand the flexible diaphragm member 3d, and 
the engine cooling water in the flexible diaphragm member 
3d is discharged toward an engine to deflate the flexible 

10 diaphragm member 3d. 

A valve 3e is valve means to open and close the 
discharging portion of the flexible diaphragm member 3d, 
and a valve 3f is valve means to open and close the 
inflow portion of the flexible diaphragm member 3d. 

15 The control and characteristics of the flexible 

diaphragm member 3d of the present embodiment will be 
described below. 

In the present embodiment, as shown in Fig. 3A, a 
heated medium, i.e., engine cooling water is charged to 

20 the flexible diaphragm member 3d to expand the flexible 

diaphragm member 3d so that the substantial sectional 
area of the air passage 3b is decreased when a 
ventilation resistance occurred in the air conditioning 
casing 2 in maximum heating or foot mode is increased. 

25 On the other hand, as shown in Fig. 3B, a fluid is 
discharged from the flexible diaphragm member 3d to 
deflate the flexible diaphragm member 3d so that the 
substantial sectional area of the air passage 3b is 
increased when a ventilation resistance occurred in the 

30 air conditioning casing 2 in maximum cooling or face mode 

is decreased. 

Here, the fan 3, i.e., the scroll casing 3c is 
optimized in accordance with a ventilation resistance at 
the time of face mode that is heavily used at a cooling 

35 operation in summer. Therefore, if the flexible 

diaphragm member 3d is expanded so that the substantial 
sectional area of the air passage 3b is decreased when 
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the ventilation resistance in the air conditioning casing 
2 in maximum heating or foot mode is increased, the 
property of the fan 3 varies from a property optimized at 
a low pressure loss shown by a solid line in Fig. 4 to a 
5 property optimized at a high pressure loss shown by a 
phantom line in Fig. 4. 

Therefore, even in the fan 3 optimized in face mode 
having a small ventilation resistance, the air blowing 
efficiency can be improved while reducing the noise even 

10 in foot mode having a large ventilation resistance. 

Because a heated fluid is charged to flexible 
diaphragm member 3d that is in contact with a blown air, 
the blown air can be heated by the fluid in the flexible 
diaphragm member 3d and the heater 5 . Thus , the 

15 temperature of air sent to a vehicle compartment can be 

increased to a temperature sufficient to heat the vehicle 
compartment in a short time. 

As described above, in the present embodiment, not 
only in face mode or maximum cooling (rapid cooling) 

20 having a small ventilation resistance, but also in foot 

mode or maximum heating, the air blowing efficiency can 
be improved while reducing the noise, and the temperature 
of air blown to the vehicle compartment can be increased 
to a temperature sufficient to heat the vehicle 

2 5 compartment in a short time. 

In an automatically controlled air conditioner for a 
vehicle, the blowing mode is automatically controlled 
based on the target air temperature TAO. Therefore, in 
the present embodiment, the blowing mode is detected 

3 0 based on the target air temperature TAO, however, it is 

needless to say that the blowing mode may be detected at 
the blowing mode switching doors 6a, 7a and 8a. 

The flexible diaphragm member 3d is positioned at 
the upstream side of the heater 5 in a ventilation air 
35 flow direction, and the heater 5 is positioned at the 

upstream side of the flexible diaphragm member 3d in an 
engine cooling water flow direction. Therefore, a 
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temperature difference between the engine cooling water 
and the ventilation air in the flexible diaphragm member 
3d, and a temperature difference between the engine 
cooling water and the ventilation air in the heater 5, 
5 can be kept large and, thus, the ventilation air can be 
heated efficiently . 

A second embodiment will be described below- In the 
second embodiment, a number of recessed and projected 
portions (dimples) are provided in the portion of the 

10 flexible diaphragm member 3d, which is exposed to the air 
passing through the air passage 3b, so that a contact 
area and a thermal conductivity between the flexible 
diaphragm member 3d and the air can be increased, and a 
heat exchanger effectiveness between the engine cooling 

15 water and the air can be improved. 

A third embodiment will be described below. In the 
above embodiment, it is difficult to adjust an expanding 
amount of the flexible diaphragm member 3d. Therefore, 
in the third embodiment, the inside of the flexible 

20 diaphragm member 3d is divided into a plurality of 

layered spaces, and the spaces, to/from which a fluid is 
charged/discharged, are switched in accordance with a 
ventilation resistance in the air conditioning casing 2. 
Concretely, the sectional area of the air passage 3b is 

25 decreased as the ventilation resistance is increased, and 
the sectional area of the air passage 3b is increased as 
the ventilation resistance is decreased. 

The ventilation resistance in the air conditioning 
casing 2 varies in accordance with the blowing mode and a 

30 ventilation amount. Therefore, in the present 

embodiment, the spaces, to/from which a fluid is 
charged/discharged, are switched based on at least one of 
blowing mode and a ventilation amount of the fan 3. 
However, the present embodiment is not limited to this. 

35 A ventilation amount in the air conditioning casing 2 may 
be directly detected by, for example, a pressure sensor 
or the like, and the spaces to/from which a fluid is 
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charged/discharged, may be switched based on the detected 
value. 

Finally, another embodiment will be described below. 
Because an automatically controlled air conditioner for a 
5 vehicle is adopted in the above embodiment, the blowing 

mode is automatically switched to the foot mode in 
maximum heating, and to the face mode in maximum cooling. 
Therefore, the sectional area of the air passage 3b 
varies in accordance with the blowing mode. However, the 
10 present invention is not limited to this. The sectional 
area of the air passage 3b may vary in accordance with an 
air conditioning load in maximum heating and maximum 
cooling . 

A reheat-type air conditioner is adopted in the 
15 above embodiment. However, the present embodiment is not 
limited to this. An air mixing method, in which for 
example, a bypass passage for bypassing the heater 5 is 
provided to adjust a ratio between the amount of air 
passing through the heater 5 and the amount of air 
20 passing through the bypass passage, so that the 

temperature of the air blown to a vehicle compartment is 
adjusted, may be adopted. 

In the above embodiment, the flexible diaphragm 
member 3d and the heater 5 are connected in series in an 
2 5 engine cooling water flow direction. However, the 

present invention is not limited to this. For example, 
the flexible diaphragm member 3d and the heater 5 may be 
connected in parallel in an engine cooling water flow 
direction . 

30 In the fan (air blowing unit) 3 according to the 

above embodiment, the fan (air blowing unit) 3 includes a 
portion between the air blowing portion of the scroll 
casing 3c and the upstream side of the evaporator 4 in an 
air flow direction. However, the present invention is 

35 not limited to this. 

In the automatically controlled air conditioner for 
a vehicle, the blowing mode is automatically controlled 
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based on the target air temperature TAO. Therefore, 
charging of a fluid into the flexible diaphragm member 3d 
and discharging of a fluid from the flexible diaphragm 
member 3d may be controlled based on the target air 
5 temperature TAO. 

The target air temperature TAO represents a control 
target temperature of air blown to a vehicle compartment, 
and is determined based on a compartment temperature set 
by a passenger and an inside air temperature, etc. 

10 While the invention has been described by reference 

to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basic concept and 

15 scope of the invention. 



